The isomeric compounds (E)-2-nitrobenzaldehyde 3-nitrophenylhydrazone and (E)-3-nitrobenzaldehyde 2-nitrophenylhydrazone, both C 13 H 10 N 4 O 4 , are isomorphous and effectively isostructural, and in both, the molecules are disordered across centres of inversion in the space group P2 1 /c. The molecules are linked into complex chains of rings by NÐHÁ Á ÁO and CÐ HÁ Á ÁO hydrogen bonds. In the isomeric compound (E)-4-nitrobenzaldehyde 2-nitrophenylhydrazone, the fully ordered molecules are linked by NÐHÁ Á ÁO hydrogen bonds into centrosymmetric dimers.
The isomeric compounds (E)-2-nitrobenzaldehyde 3-nitrophenylhydrazone and (E)-3-nitrobenzaldehyde 2-nitrophenylhydrazone, both C 13 H 10 N 4 O 4 , are isomorphous and effectively isostructural, and in both, the molecules are disordered across centres of inversion in the space group P2 1 /c. The molecules are linked into complex chains of rings by NÐHÁ Á ÁO and CÐ HÁ Á ÁO hydrogen bonds. In the isomeric compound (E)-4-nitrobenzaldehyde 2-nitrophenylhydrazone, the fully ordered molecules are linked by NÐHÁ Á ÁO hydrogen bonds into centrosymmetric dimers.
Comment
As part of our continuing studies of the supramolecular arrangements in imines and hydrazones, we report here the structures of three isomeric nitrobenzaldehyde nitrophenyl hydrazones, (I)±(III), which we compare brie¯y with two further isomers, (IV) and (V) (see scheme) (Shan et al., 2004; Wardell et al., 2005) .
In isomers (I) and (II) (Figs. 1 and 2), the molecules are disordered over two sets of sites related by a centre of inversion, selected for the sake of convenience as that at ( 2 ). The asymmetric units for (I) and (II) were selected so that the coordinates of the atoms in the nitro groups were approximately the same. This then led to close correspondence between the coordinates for atoms C11±C16 in (I) with those for atoms C16/C11±C15, respectively, in (II). Likewise, the coordinates for atoms N1, N2 and C27 in the reference asymmetric unit at (x, y, z) in (I) closely correspond to those in (II) for atoms C27, N2 and N1, respectively, at (1 À x, 1 À y, 1 À z). The unit-cell dimensions indicate that (I) and (II) are isomorphous, and the atom coordinates indicate that these compounds are effectively isostructural, but with atoms N1 and C27 interchanged between (I) and (II) (Figs. 1 and 2) . By contrast, all atoms in isomer (III) (Fig. 3) are fully ordered in general positions. While all of the atoms in isomer (IV) are fully ordered, in isomer (V) the NH and CH sites in the central bridge are randomly scrambled, with the two heavy-atom sites each occupied by (0.5C + 0.5N) (Wardell et al., 2005) .
In each of isomers (I)±(III), the molecules are essentially planar, and all have the E con®guration at the C N double bond. In (III), the bond distances (Table 3) show strong evidence for the development of the polarized quinonoid form, (IIIa). In particular, with the C11±C16 aryl ring, the C13ÐC14 and C15ÐC16 distances are signi®cantly shorter than the remaining distances, the C11ÐC12 distance is the longest and the C12ÐN12 distance is short for its type, while the N12ÐO21 and N12ÐO22 distances are both long (Allen et al., 1987) . By contrast, the C21±C26 aryl ring shows no evidence for the development of a quinonoid form. The structure of the isomer (IV), which differs from (III) by the notional reversal of the spacer fragment, has been determined both at 295 K (Shan et al., 2004) and at 120 K (Wardell et al., 2005) . The same phase is present at both temperatures and both structures show evidence for the development of the polarized form, (IVa), although this was not remarked upon by Shan et al. (2004) .
In each of (I) and (II), there is a short intramolecular XÐ HÁ Á ÁO contact (Tables 1 and 2 ), where X is atom C27 in (I) and atom N1 in (II). We ®rst discuss the intermolecular hydrogen bonds on the assumption of local ordering and then consider the consequences of the disorder across inversion centres. In (I), the molecules are linked by the concerted action of three hydrogen bonds (Table 1) : atoms N1 and C27 in the molecule at (x, y, z) both act as hydrogen-bond donors to atom O31 in the molecule at (1 + x, À1 + y, z), while atom C16 at (x, y, z) similarly acts as donor to atom O32, also at (1 + x, À1 + y, z). Hence, this multi-point interaction generates by translation a complex chain of rings running parallel to the [110] direction (Fig. 1 ). An entirely similar chain of rings is formed in compound (II), where atoms N1 and C27 at (x, y, z) act as donors to atom O21 at (Àx, 2 À y, 1 À z), while atom C15 acts as donor to atom O22 at (1 + x, À1 + y, z) (Fig. 2) . In each isomer, therefore, a given molecule will form four hydrogen bonds with each of its neighbours within the [110] chain, provided only that there is local ordering within the chain in question. The multi-point recognition makes it appear probable that, within a given chain, the molecules are, in fact, ordered in this manner. Two chains of this type pass through each unit cell in (I) and (II), but there are no direction-speci®c interactions between adjacent chains. Accordingly, there is no necessity for the orientation of molecules in adjacent chains to show any correlation.
The supramolecular structure of (III), by contrast, is extremely simple. In addition to forming an intramolecular hydrogen bond (Table 4) which gives rise to an S(6) ring, amino atom N1 in the molecule at (x, y, z) acts as hydrogenbond donor to nitro atom O21 in the molecule at (1 À x, 1 À y, 1 À z), so forming a centrosymmetric dimer containing an S(6)R 2 2 (4)S(6) motif (Fig. 4) . There are no direction-speci®c interactions between adjacent dimers. In particular, CÐ organic compounds Part of the crystal structure of isomer (I), showing the atom-labelling scheme and the formation of an ordered chain of rings along [110] . Displacement ellipsoids are drawn at the 30% probability level. Atoms N1, N2 and C27 and their pendent H atoms have 0.5 occupancy, as do the H atoms bonded to atoms C11 and C16. Atoms marked with the suf®xes a±e are at the symmetry positions (1 À x, 1 À y, 1 À z), (1 + x, À1 + y, z), (2 + x, À2 + y, z), (2 À x, Ày, 1 À z) and (3 À x, À1 À y, 1 À z), respectively. For the sake of clarity, H atoms not involved in the motifs shown have been omitted, as has the unit-cell outline. Part of the crystal structure of isomer (II), showing the atom-labelling scheme and the formation of an ordered chain of rings along [110] . Displacement ellipsoids are drawn at the 30% probability level. Atoms N1, N2 and C27 and their pendent H atoms have 0.5 occupancy, as do the H atoms bonded to atoms C11 and C12. Atoms marked with the suf®xes a±e are at the symmetry positions (1 À x, 1 À y, 1 À z), (Àx, 2 À y, 1 À z), (À1 + x, 1 + y, z), (À1 À x, 3 À y, 1 À z) and (À2 + x, 2 + y, z), respectively. For the sake of clarity, H atoms not involved in the motifs shown have been omitted, as has the unit-cell outline.
Figure 3
The molecule of isomer (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
HÁ Á Á%(arene) hydrogen bonds and aromatic %±% stacking interactions are both absent. The supramolecular structure of (III) thus consists of isolated dimers.
In isomer (IV), the close analogue of (III), the molecules are linked into complex sheets by a combination of one NÐ HÁ Á ÁO hydrogen bond and three independent CÐHÁ Á ÁO hydrogen bonds (Wardell et al., 2005) . In the earlier report on this compound (Shan et al., 2004) , the CÐHÁ Á ÁO hydrogen bonds were all overlooked; instead, those authors suggested the occurrence of %±% stacking interactions, but such interactions are, in fact, absent (Wardell et al., 2005) . In the disordered isomer, (V), an extensive series of NÐHÁ Á ÁO and CÐHÁ Á ÁO hydrogen bonds generates a three-dimensional framework structure, the formation of which is independent of the disorder (Wardell et al., 2005) .
Experimental
Isomer (I) was obtained by the reaction of equimolar quantities (2 mmol) of 2-nitrobenzaldehyde and 3-nitrophenylhydrazine hydrochloride in MeOH (20 ml). The reaction mixture was heated under re¯ux for 30 min and, after cooling, the solvent was removed under reduced pressure. The solid residue was recrystallized from methanol±1,2-dichloroethane (1:1 v/v). IR: 3295, 1616, 1573, 1566 cm À1 . Isomers (II) and (III) were obtained from the reactions of equimolar quantities (2 mmol) of 2-nitrophenylhydrazine and the appropriate nitrobenzaldehyde in MeOH (20 ml). The reaction mixtures were heated under re¯ux for 30 min and, after cooling, the solvents were removed under reduced pressure. 
Isomer (I)
Crystal data Table 1 Hydrogen-bond geometry (A Ê , ) for (I). For each compound, the space group P2 1 /c was uniquely assigned from the systematic absences. All H atoms were located in difference maps and subsequently treated as riding atoms, with distances CÐH = 0.95 A Ê and NÐH = 0.88 A Ê , and with U iso (H) = 1.2U eq (C,N). It became apparent at an early stage that in each of (I) and (II) the molecules were disordered over two sets of sites related by a centre of inversion, selected in each case as that at ( 2 ). Each isomer was then modelled using a single aryl ring with a single nitro substituent, all having unit occupancy, and an acyclic fragment ±CH NÐNH± having 0.5 occupancy. The atom-labelling schemes (Figs. 1 and 2 ) were such that atom N1 was bonded to atom C11, and the aryl ring was numbered to provide the lowest locant for the nitro group. The H-atom sites bonded to atoms C11 and C12 also have 0.5 occupancy.
For the three title isomers, data collection: COLLECT (Nonius, 1999); cell re®nement: DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduction: DENZO and COLLECT; program(s) used to solve structure: OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: OSCAIL and SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) . 
